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Abstract. The article is devoted to the study of economic potential of bioeconomy in agro-industrial
complex of the Republic of Kazakhstan. The relevance of the topic is due to the need to modernize
agricultural sector in the context of land degradation, climate change and growing demand for or-
ganic products. The introduction of bioeconomic approaches contributes to rational use of biore-
sources, reducing dependence on fossil fuels and increasing competitiveness of agricultural sec-
tor. The goal is to analyze possibilities of introducing bioeconomic models, assess their economic
impact and develop recommendations for improving measures to implement agricultural policy.
Methods - statistical analysis to consider the current state of agro-industrial production, volume of
biological resources, level of biomass processing and dynamics of development of ecobioeconom-
ics; comparative - in the study of successful biotechnology practices in the EU countries, Germany
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and Brazil and their adaptation to the conditions of the republic. Results - based on economic mod-
eling, three scenarios for the development of ecological economy are shown: basic (maintaining
the current level), moderate (partial processing of bioresources) and optimistic (its full integration
into the country's economic system). It was found that expansion of biosphere will increase contri-
bution of agro-industrial complex to GDP by 15%, organize up to 200 thousand new jobs and reduce
carbon footprint of agriculture by 25-30%. Processing of biomaterials and organic farming products
will increase farmers' incomes by reducing costs of fertilizers and energy. The main barriers remain
imperfect infrastructure, personnel shortages and financial constraints. Conclusions - practical sig-
nificance of the work lies in preparation of proposals for transition to innovative processes of en-
riching biological mass, attracting private investment, creating educational programs and forming
export potential, contributing to development of national bioeconomy strategy, development of ru-
ral areas and increasing their environmental sustainability.

AHpatna. Makana KasakctaH PecnybnukacblHbIH arpoOeHepKacinTik KelleHiHAeri 6MO3KOHOMMU-
KaHblH 3KOHOMMUKanbIK areyeTiH 3epTreyre apHanfaH. TakblpbINTbIH ©3€KTiniri XxepAaiH aerpaaa-
LMACHI, KNTUMaTTbIH ©3repyi xkoHe opraHMKanbIK ©HiMre CypaHbICTbIH apTybl XafAaublHAA arpaprbIk
ceKTopAbl XaHFbIPTY KaXeTTiniriHe 6annaHbICTbl. DKOHOMMKanbIK TacinAepAai eHrizy 6uopecypc-
TapAbl YThbiMAbI NanganaHyfa, Ka3ba oTbIHbIHA TAYeNnAiNikTi a3anTyFa XoHe aybin Wapyalwbibifbl
canacbliHbIiH 06acekere KabineTTiniriH apTTbipyfa biknan etegi. Makcambl - GMO3KOHOMMKANbIK
MoaenbAepAai eHrizy MyMKiHOiKTepiH Tangay, onapAblH 3KOHOMMUKanbIK 9CepiH Oaranay oHe
arpapnblK casicaTTbl iCKe acblpy LapanapblH XeTingipy MakcaTbiHAa YCbiHbIMpap asipney.
Odicmepi — arpoeHepkacinTik eHAIPIiCTIH aFbiMAarbl XafaaWbiH, GMOMOrNANbIK pecypcTapAbliH
KenemiH, OuMomaccaHbl ©HOey AeHreniH XaHe 3KO-OMO-3IKOHOMMKaHbIH AaMy AWHaMUKaCbIH
KapacTbIipy YWiH CTaTUCTUKanbIK Tangay; canbicTbipmanbl — EO enpepingeri, NlepmaHua meH
Bpasunuagarbl TabbIiCTbl OUOTEXHONMOrMANbLIK TaXipubenepai aHe onapAblH pecnybnuka
XargavMblHa OenimaenyiH 3epTtTey. Homukenepi - 3KOHOMUKanblK MoAenbaey HerisiHae
3KONOrUsANbIK 3KOHOMUKaHbl A4aMbITYAbIH Yl CLleHapuUii kepceTinreH: Herisri (aFrbimaarbl geHrengi
cakray), optawa (6uopecypcTapabl ilwiHapa eHAaey) XxaHe ONTUMMUCTIK (OHbl enAaiH 9KOHOMUKanbIK
XXywneciHe TonbIK UHTerpauusnay). buoccepanbl keHenty AOK-HiH XKIO-re KockaH yneciH 15%-fa
ynfantyfa, 200 MbIH XaHa XXYMbIC OPHbIH YWbIMAACTbIPYFa XXaHe aybiN LWapyalwbibIFbIHbIH
kemipTeri i3iH 25-30%-Fa ToemeHaeTyre MyMmKiHOiK OepeTiHi aHblKkTanfaH. Buomarepunangap meH
opraHuKanblK aybiilapyawbiiblK  ©OHiMAepiH KauTa eHAey TbIHAUTKbIWTAp MeH 3Heprus
WhbIfbIHAAPbIH a3anTy apKbibl ¢epmepnepaid KipictepiH apTtTbipaabl. Herisri kepeprinep
XeTinMmereH uH¢pakypbinbiM, Kaap TanwbbIFbl XXKaHe KapXbbIK WWEeKTeyep 6onbin Kana 6epepai.
KopbimbIHObI - XYMbICTbIH NPaKTUKanblK MaHbI3AblbiFbl GUONOrMANbLIK MaccaHbl 6albITyAbIH
MHHOBaUMANbIK MNpouecTepiHe Kewy, eke WHBecTUUMAnapabl TapTy, 6inim Gepy
GarpapnamanapblH Kypy XaHe YNTTblK OMO3KOHOMMKA CTpaTervsicbiH asiprneyre, aybingblK
ayMakrapgbl AaMbITyFa XXoHe onlapAblH 3KONOrUAsNbIK TYPaKTbbIFbIH apTThipyfa biKknan eTeTiH
3KCNOPTTbIK 9rieyeTTi KanbINTacTbipy 60MbIHLLA YCbIHbICTAp AaubiHAaay 60nbin Tabbinaabl.

AHHoTaumsA. CTaTbA NOCBSLEHa UccreAoBaHUIO 3KOHOMUYECKOro noTeHunana 6Mo3KOHOMUKM B ar-
ponpombiwieHHoM KoMmniekce Pecny6nukun KazaxctaH. AKTyanbHOCTbL TeMbl 06ycroBrieHa Heo6-
XOOUMOCTbLIO MOAEpPHM3aLMM arpapHoOro cekrtopa B YCIOBMSIX Aerpagauuu 3emeslb, U3MeHeHus
KNnumara 1 pacTyLlero cnpoca Ha opraHu4eckyro npoaykuuio. BHeapeHue 6Mo3KkoHOMMYECKUX NoA-
XOO0B CNoco6CcTByeT paLMoHaNnbHOMY UCNONb30BaHUIO GMOpPecypcoB, CHUKEHUIO 3aBUCMMOCTHN OT
McKonaemMoro ToOnfnBa U NOBbILWEHUI0 KOHKYPEHTOCMOCOGHOCTU CeNlbCKOX035IMCTBEHHOW OTpacnu.
Llenb — npoaHanu3npoBaTb BO3MOXHOCTU BHEAPEHUA OMO3IKOHOMUYECKMX MoAerien, AaTb OLeHKY
MX 3KOHOMMUYECKOro BIIMSIHUA M pa3paboTaTb peKoOMeHZauun B Lensax COBepLUIeHCTBOBaHUA Mep
peanusauum arpapHou NonuTUkU. Memoods! - CTaTUCTUYECKOrO aHanusa Ansi PacCCMOTPEHUs CIo-
XMUBLUErocsi COCTOSIHMS arponpoOMbILLINIEHHOro NPOM3BOACTBA, 06TEMOB OMONOrM4YeCcKmx pecypcos,
YPOBHS nepepaboTkm 6uomMmacchbl ¥ AMHAMUKU Pa3BUTUS IKOOMO3IKOHOMUKN; CPaBHUTENbHbIN — NpU
M3y4YeHUM yCneLwHbIX NPakTUK buotexHonorun B crpaHax EC, FepmaHuu n Bpasunuu u nx aganta-
UMM K YCNOBUAIM pecnyonukun. Pesysibmambl - HA OCHOBE 3KOHOMMYECKOro MoAeiMpoBaHusi NokKa-
3aHbl TPU CLUEHapusA pa3BUTUS IKOJIOTMYECKOM IKOHOMMKU: 6a3oBbIA (COXpaHeHUe TeKyLllero
YPOBHSA), yMepeHHbIN (YacTu4yHas obpaboTka GuopecypcoB) M1 ONTUMUCTUYHbIN (MOMHaA UHTerpa-
LMA ee B 3IKOHOMUYECKYHO CUCTEeMY CTpaHbl). YCTaHOBIEHO, YTO paclumpeHue 6uoccepbl NoO3BONUT
yBenuuntb Bknag AlK B BBl Ha 15%, opraHusoBaTb A0 200 TbiCc. HOBbIX pabo4ynx MecCT U CHU3UTb
yrnepoaHbIf cnepn cenbCckoro xo3sictea Ha 25-30%. MNepepabaTbiBaHMe BMomaTepuanoB U Npo-
AYKTOB OpPraHM4ecKoro 3emrneaenusi NOBbICUT Aoxoabl pepmMepoB 3a CYET COKpaLLeHUA 3aTpaT Ha
yAo6peHus u aHeproHocutenu. OCHOBHbIMU BapbepamMu OCTaloTCA HecoBepLUeHHasA UH(pacTpyk-
Typa, KagpoBbiN AedUUMT U (PUHAHCOBbLIE OrpaHUYeHus. Bbieodbl - NpakTUYeckas 3HaYMMOCTb pa-
60TbI 3aKn04YaeTcA B NOAroTOBKE NpeAnoXeHUn nNo nepexony Ha UHHOBALMOHHbIE NpoLecchbl 060-
raweHusi 6MoNorM4ecKkon mMacchbl, NPUBEYEHUIO YaCTHbIX MHBECTULIUM, CO3AaHUI0 oOpa3oBaTenb-
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HbIX NporpaMmm U POPMUPOBAHUIO IKCMOPTHOrO NOTeHuuana, cnocoo6cTBys pa3paboTke Hauuo-
HallbHOW cTpaTernm 6MO3KOHOMMKU, PAa3BUTUIO CEJNTbCKUX TEPPUTOPUNA M NOBLILLEHUIO UX IKOJIOMU-
YeCcKOMn YCTOMYUBOCTMU.

Key words: sustainable agriculture, biotechnology, economic modeling, renewable resources, bio-
energy, climate change adaptation, rural development.
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Introduction

The agro-industrial complex (AIC) of Ka-
zakhstan occupies a pivotal position within the
national economy. It serves as a cornerstone
for ensuring food security, generating employ-
ment, and contributing substantially to GDP.
Specifically, the sector accounts for over 20%
of employment nationwide and approximately
10% of the country’s gross domestic product.
Kazakhstan's agricultural exports, particularly
grain, represent a significant portion of its inter-
national trade, reinforcing its reputation as a
critical player in global food markets. However,
the traditional agricultural model faces moun-
ting challenges. Soil degradation, limited water
resources, climate change, and the fluctuating
dynamics of international markets necessitate
a shift toward innovative and sustainable
practices.

In response to these challenges, the con-
cept of a bioeconomy emerges as a transfor-
mative pathway for the sustainable develop-
ment of agriculture and allied industries. It
aligns with global efforts to mitigate the envi-
ronmental impact of economic activities, re-
duce dependency on fossil fuels, and promote
the efficient use of natural resources. The tran-
sition to bioeconomic principles not only sup-
ports environmental sustainability but also en-
hances economic efficiency, positioning Ka-
zakhstan to harness its vast natural and agri-
cultural potential.

This study aims to provide a comprehen-
sive evaluation of the bioeconomy’s potential
within Kazakhstan’s agro-industrial complex. It
emphasizes the need to integrate international
experience, technological innovation, and local
capabilities to overcome existing barriers.
Drawing on data from official sources, scientific
research, and practical applications, the study
seeks to propose actionable recommendations
for advancing a bioeconomy-based approach
in Kazakhstan. It underscores the multifaceted

benefits of the bioeconomy, ranging from
increased economic output and job creation
to environmental preservation and rural deve-
lopment.

The adoption of bioeconomic strategies in
agriculture has gained traction globally, with
numerous countries successfully leveraging
their biological resources to drive growth. For
instance, the European Union’s bioeconomy
contributes approximately €2.3 trillion annually
to its economy, supporting over 22 million jobs
across various sectors. These achievements
highlight the transformative potential of bioeco-
nomic frameworks when supported by robust
policy measures, technological advancements,
and international cooperation. Such global
precedents provide valuable insights for Ka-
zakhstan, where the agro-industrial sector pos-
sesses untapped opportunities for growth and
innovation.

This paper adopts a multidimensional ap-
proach to explore the prospects and cha-
llenges of integrating bioeconomy principles
into Kazakhstan’s agro-industrial complex. It
includes an in-depth analysis of international
bioeconomic practices, evaluates the feasibility
of their application in Kazakhstan, and identi-
fies strategic measures to achieve sustainable
development. The study also investigates the
socio-economic and environmental impacts of
adopting bioeconomic solutions, emphasizing
their role in reducing the carbon footprint, en-
hancing resource efficiency, and fostering rural
livelihoods.

Literature review

The bioeconomy as a concept emerged
from the need for sustainable use of biological
resources to address modern economic and
environmental challenges. The basic idea of
the bioeconomy is to integrate biological and
technological innovations to improve the effi-
ciency of renewable resource use and mini-
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mize environmental impacts. At the interna-
tional level, the bioeconomy is recognized as
one of the key tools for achieving the Sustain-
able Development Goals proposed by the
United Nations (UNDP. Kazakhstan and Tran-
sition...) [1].

According to the European Commission,
the bioeconomy covers a wide range of indus-
tries, including agriculture, forestry, fisheries,
bioenergy, and biotechnology. In the European
Union, this sector contributes €2.3 trillion to the
economy, providing employment for 22 million
people (European Commission. Bioeconomy
Strategy) [2]. The EU example demonstrates
that the development of the bioeconomy allows
countries not only to strengthen the economy
but also to reduce dependence on fossil energy
sources, which is especially relevant in the
context of the global energy crisis (IEA. Re-
newables) [3].

In the scientific literature, the bioeconomy
is considered as a multidimensional phenome-
non combining environmental, economic, and
social aspects. For example, OECD research
highlights the importance of switching to bio-
tech solutions in the agricultural sector to im-
prove agricultural productivity and sustainabi-
lity in the face of climate change (OECD. Agri-
cultural Productivity...) [4]. Particular attention
is paid to biomass recycling, which is seen as
the basis of the bioeconomy. Using agricultural
waste to produce biogas, biofertilizers and bio-
ethanol not only reduces waste but also cre-
ates new economic opportunities (FAO. Global
Biogas Development) [5].

The examples of Germany and Brazil
show that government support plays a decisive
role in the development of the bioeconomy. In
Germany, up to 30% of agricultural waste is
processed into biogas, which reduces the car-
bon footprint and improves the country's en-
ergy independence (German Ministry of Agri-
culture...) [6]. In Brazil, the PROALCOOL pro-
gram has made it possible to process sugar-
cane waste into bioethanol, providing up to
40% of national energy consumption and cre-
ating thousands of jobs (World Bank. Green
Economy...) [7].

Kazakhstan, with its significant potential in
the agro-industrial sector, also has opportuni-
ties for the development of the bioeconomy.
According to the Ministry of Agriculture of Ka-
zakhstan, more than 45 million tons of agricul-
tural waste are generated annually in the coun-
try, most of which remains unused (Ministry of
Agriculture of Kazakhstan. National Report...)
[8]. This waste can be processed into biogas or

biofertilizers, which will not only reduce the car-
bon footprint but also create economic incen-
tives for farmers.

Scientific research by Kazakh authors
confirms the feasibility of developing the bioe-
conomy in the country. Thus, the works of Azim
Baibagyssov focus on the economic and envi-
ronmental benefits of recycling agricultural
waste, which can reduce carbon dioxide emis-
sions by 20% (Baibagyssov A., Thevs N., Nur-
tazin S. et al.) [9]. In his research, Dulatbay
Yerassyl emphasizes the importance of creat-
ing a national bioeconomy strategy that in-
cludes support for farmers and attracting inter-
national investment (Yerassyl D., Jin Y.,
Zhanar S. et al.) [10]. Similarly, Shaiakhmetov
E.Y. notes that recycling livestock waste into
biogas can reduce fossil energy consumption
by 15% (Abilmazhinov E.T., Akimzhanov
A.Zh., Shaiakhmetov E.Y et al.) [11].

At the same time, international experience
demonstrates the importance of an integrated
approach to the development of the bioeco-
nomy, including the modernization of infra-
structure, and the development of incentive
measures and educational programs. For in-
stance, in the United States, educational initia-
tives are actively being implemented aimed at
training specialists in the field of biotechnology,
which helps to accelerate the implementation
of bioeconomic solutions (USDA. Biofuel Pro-
duction and Sustainability) [12].

Existing scientific literature also focuses
on the need to adapt the bioeconomy to the
specific conditions of the country. For Kazakh-
stan, this means considering the arid climate,
limited water resources and large territorial dis-
tances between production facilities. These
features require the development of unique ap-
proaches that could combine international ex-
perience with local needs.

According to UNESCO, the bioeconomy
can increase the efficiency of agriculture by
30% with the optimal use of natural resources
(UNESCO. Sustainability and Agriculture) [13].

Considering the above, this study aims to
study the bioeconomy as a multifunctional tool
for the modernization of the agro-industrial
complex of Kazakhstan. Based on the analysis
of existing literature and data, the study aims to
identify the main barriers and opportunities for
its implementation, as well as to offer practical
recommendations aimed at achieving sustain-
able development.

Materials and methods

The study used statistical data analysis,
economic modeling, expert survey, and com-
parative analysis of international experience.
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The data sources included reports of the Min-
istry of Agriculture of Kazakhstan, materials
from international organizations such as the
UN, FAO, and EBRD, as well as publications of
domestic and foreign researchers. Information
on the current state of the agro-industrial com-
plex of Kazakhstan, the volume of agricultural
waste, the level of implementation of biomass
processing technologies, and the dynamics of
the export potential of the bioeconomy was col-
lected and processed. As part of the economic
modeling, three scenarios for the development
of the bioeconomy were developed: basic,
moderate, and optimistic. For each scenario,
an assessment of the possible contribution to
GDP, the volume of biomass processing, the
implementation of new job positions, and the
reduction of the carbon footprint was made.

The expert survey included interviews with
representatives of the agro-industrial sector,
experts in the field of bioeconomy, as well as
employees of government agencies and inter-
national organizations. The survey results
identified key barriers and opportunities for the
development of the bioeconomy in Kazakh-
stan. A comparative analysis of international
experience was based on the study of success-
ful examples of the implementation of bioeco-
nomic approaches in countries such as Ger-
many and Brazil, which allowed adapting key
elements of their strategies to the conditions of
Kazakhstan. At the preparatory stage of the
study, data was collected and processed, and
a database of literary sources was formed. At
the analytical stage, modeling and scenario
analysis were carried out, and the results were
interpreted in the context of discussion with ex-
perts, which allowed formulation of recommen-
dations for the implementation of bioeconomic
approaches in the agro-industrial complex of
Kazakhstan.

Results

The study confirmed the high potential of
the bioeconomy for the transformation of the
agro-industrial complex (AIC) of Kazakhstan.
The analysis of quantitative and qualitative
data showed that the introduction of bioeco-
nomic approaches, such as biomass pro-
cessing, the use of biotechnology, and the de-
velopment of organic agriculture, can become
a powerful tool for the economic, environmen-
tal, and social development of the country.

Kazakhstan has significant volumes of un-
used agricultural waste that can be processed
into biogas, biofertilizers and biofuels. More
than 45 million tons of such waste are gener-
ated in the country annually, less than 30% of
which is processed (Ministry of Agriculture of

Kazakhstan. National Report...) [8]. It is esti-
mated that recycling at least 50% of this waste
can ensure the production of up to 2 billion cu-
bic meters of biogas per year, which replaces
up to 15% of current natural gas consumption.
This helps to reduce the carbon footprint by 25-
30%, which is equivalent to 10 million tons of
CO; equivalent annually (European Commis-
sion. Bioeconomy Strategy; FAO. Biogas Po-
tential Analysis) [2, 14].

The development of the bioeconomy has
a significant impact on the social field. The in-
troduction of bioresource processing technolo-
gies can provide up to 200 thousand new jobs,
mainly in rural areas where unemployment re-
mains high. These jobs will be implemented in
biomass processing enterprises, biofertilizer
and biofuel production, as well as in logistics
and related industries. In addition, farmers us-
ing biotechnology can reduce their energy and
fertilizer costs by 20-30%, which will lead to an
increase in their income by 25-30% (Ministry of
Agriculture of Kazakhstan. National Report...;
Abilmazhinov E.T., Akimzhanov A.Zh., Shai-
akhmetov E.Y et al.) [8, 11].

The export orientation of the bioeconomy
is another important area. Kazakhstan has sig-
nificant competitive advantages in the interna-
tional markets for organic products and biofu-
els. According to the United Nations Develop-
ment Program, the demand for organic prod-
ucts increases by 10-12% annually (UNDP.
Kazakhstan and Transition...) [1]. Potential ex-
port revenue from bioeconomy products can
reach $3 billion annually. This includes sup-
plies of organic grain, meat, bioethanol, and
other products. For instance, the export of bio-
ethanol produced from wheat and corn resi-
dues can bring in up to $1.5 billion per year,
which will strengthen Kazakhstan's position in
the global alternative energy markets (World
Bank. Green Economy...; IPCC. Climate
Change Mitigation Report) [7, 15].

The environmental significance of the bio-
economy lies not only in reducing the carbon
footprint, but also in improving the condition of
land resources. Sustainable agriculture, which
involves the use of organic fertilizers, as well
as precision farming technologies, prevents the
degradation of up to 1.5 million hectares of ar-
able land. This is especially important in the
arid climate of Kazakhstan, where water scar-
city and soil erosion pose significant chal-
lenges to agriculture (UNESCO. Sustainability
and Agriculture; FAO. Biogas Potential Analy-
sis) [13, 14].

To structure the analysis, three bioecon-
omy development scenarios were developed:
basic, moderate, and optimistic (table 1).
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These scenarios are presented in the table and
demonstrate possible outcomes depending on

the level of implementation of bioeconomy
technologies.

Table 1 - Scenarios for the development of the bioeconomy

positions

Parameters Basic scenario Moderate scenario Optimistic scenario
Contribution to GDP 0 (no +3.5 (partial implementation +7.2 (full integration of
(billion dollars) changes) of biomass processing) bioeconomy)
Agricultural waste 5% (current 25% (establishment of 50% (large-scale
recycling (%) indicators) several processing centers) | processing of biomass)
Biogas production 0.2 (minor 1.0 (partial waste processing) 2.0 (maximum waste
(billion cubic meters) waste use) 2P P 9 recycling)
Carbon footprint reduction
(million tons of CO, eq.) 0.5 5.0 10.0
. . . . 200 000 (in processing,
Implementation of job Not provided 50 000 (in processing logistics and production

facilities) of bioproducts)

Organic exports (% of AIC 5% (current

12% (increase in organic 20% (significant growth

exports) indicators) production) in export potential)
Volume of investments No additional
o : 25 5.0
(billion dollars) investments

No government

Main obstacles
support

High requirements for
infrastructure and
personnel

Limited processing
capacity

Potential Analysis) [4,14]

Note: compiled by the author based on data from (OECD. Agricultural Productivity...); FAO. Biogas

The basic scenario assumes no significant
changes, maintaining the current level of waste
recycling (5%) and minimal biogas production
(0.2 billion cubic meters). The moderate sce-
nario includes the creation of several recycling
centers, which allow the recycling up to 25% of
waste, producing 1 billion cubic meters of bio-
gas and reducing the carbon footprint by 5 mil-
lion tons of CO, equivalent. The optimistic sce-
nario represents the full integration of the bioe-
conomy, including the recycling up to 50% of

Table 2 — SWOT analysis

waste, producing 2 billion cubic meters of bio-
gas, significantly reducing the carbon footprint
and increasing the export potential of organic
products by up to 20% (OECD. Agricultural
Productivity...; FAO. Biogas Potential Analy-
sis) [4, 14].

For a structured analysis of the key factors
for the implementation of the bioeconomy, a
SWOT analysis was performed, presented in
the table 2.

Strengths

Weaknesses

Significant volume of agricultural waste suitable
for recycling (45 million tons annually)

Lack of processing infrastructure: only 5% of farmers
have access to modern processing technologies

Favorable climatic and geographical conditions
for organic agriculture

High cost of implementing biomass-processing tech-
nologies: up to $5 billion in investment is required over
the next 10 years

Competitive advantages in global organic pro-
duct markets

Personnel shortage: only 2% of agricultural workers
have biotechnology qualifications

Support for the bioeconomy from international
organizations such as FAO and the World Bank

Limited government financial support and tax incen-
tives

Opportunities

Threats

Increase in organic exports: annual growth in
demand in global markets by 10-12%

Instability in international organic and biofuel markets

Biogas and bioethanol production: potential to
replace 15% of natural gas and export bioetha-
nol worth up to $1.5 billion per year

Dependence on imported technologies and equip-
ment for biomass processing

International cooperation within the framework
of the Paris Agreement and other environmen-
tal initiatives

Potential reduction in government support due to fi-
nancial constraints
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Increase in farmers' incomes by 25-30% due to
reduced costs of fertilizers and energy

Environmental risks from unbalanced implementation
of waste processing technologies

Note: compiled by the author based on data from (UNDP. Kazakhstan and Transition...; UNESCO.
Sustainability and Agriculture; EBRD. Green Economy Transition Report) [1,13,16]

The results of the SWOT analysis help to
identify key areas for developing a national bi-
oeconomy strategy. In particular, the focus
should be on eliminating infrastructural and
personnel constraints, increasing support for
farmers and enterprises implementing biotech-
nology, and enhancing international coopera-
tion with partners such as FAO, the World
Bank, and the European Commission.

The analysis also revealed significant ex-
port potential for the bioeconomy. Kazakhstan
has favorable conditions to produce organic
products and biofuels, which are in steady de-
mand in international markets. According to the
United Nations Development Program, the an-
nual growth in demand for organic products is
10-12%, which opens significant opportunities
for increasing Kazakhstan's share in the global
market (UNDP. Kazakhstan and Transition...)
[1]. Potential export revenue from bioeconomy
products can reach $3 billion annually. For in-
stance, the production of bioethanol from
wheat and corn residues can generate up to
$1.5 billion per year, which will strengthen Ka-
zakhstan's position in alternative energy mar-
kets (World Bank. Green Economy...) [7].

A comparison of the results with interna-
tional experience confirms the validity of the
proposed solutions. For instance, Brazil, due to
the state program PROALCOOL, has become
a world leader in bioethanol production, pro-
cessing more than 30 billion liters annually.
This example demonstrates that an integrated
approach to the development of the bioecon-
omy can significantly reduce dependence on
oil imports and improve the environmental situ-
ation (OECD. Agricultural Productivity...) [4].

For practical application of the obtained
results, it is recommended to develop a na-
tional bioeconomy strategy, which would in-
clude the development of biomass processing
infrastructure, provision of subsidies for farm-
ers and creation of educational programs on bi-
oeconomy. These measures will help to elimi-
nate the main barriers, such as lack of pro-
cessing capacity, personnel shortages, and
lack of funding. Attracting international invest-
ment and using the successful experience of
the EU and the USA are also key elements of
the strategy.

Suggestions for further research include
studying the possibilities of applying precision
farming technologies, assessing the long-term
effects of bioeconomic solutions, and analyzing

social aspects related to improving the quality
of life in rural areas. Particular attention should
be paid to the development of economic mod-
els that take into account climate change and
its impact on agricultural productivity. These ar-
eas can significantly complement the pre-
sented results and contribute to the further de-
velopment of the scientific base of bioeconomy
in Kazakhstan.

The results of the study emphasize that bi-
oeconomy can become the basis for sustaina-
ble development of the agro-industrial complex
of Kazakhstan, improving the economic, social,
and environmental situation in the country.
However, its successful implementation re-
quires a comprehensive approach, including
modernization of infrastructure, support for
farmers, development of educational programs
and active international cooperation. These
measures will allow Kazakhstan to use its po-
tential to achieve sustainable growth and in-
crease competitiveness in world markets.

Outcome: The development of the bioe-
conomy in Kazakhstan requires active govern-
ment support, infrastructure modernization,
stimulation of private investment and develop-
ment of human resources. This strategic direc-
tion can become the basis for sustainable
growth of the agro-industrial complex, ensuring
stable incomes for farmers, increasing the
country's competitiveness in international mar-
kets and improving the environmental situation.

Kazakhstan has all the opportunities to
successfully realize the potential of the bioe-
conomy: extensive agricultural resources, eco-
logically clean territories, and growing demand
for organic products. However, its successful
implementation depends on how effectively the
country can integrate the bioeconomy into its
economic strategy.

These results emphasize that the bioecon-
omy can become an important driver of sus-
tainable development in Kazakhstan, improv-
ing the economic, social, and environmental
situation in the country. However, its success-
ful implementation will require significant in-
vestment, government support and interna-
tional cooperation.

Discussion

The obtained results highlight the im-
portance of bioeconomy as a strategic direction
for the modernization of the agro-industrial
complex (AIC) of Kazakhstan. Data analysis
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shows that the integration of bioeconomic so-
lutions can provide significant economic, so-
cial, and environmental benefits.

The key result is the confirmation that bio-
economy can increase the contribution of the
AIC to Kazakhstan's GDP by 15%, which is
equivalent to $6.5—7.2 billion per year (OECD.
Agricultural Productivity ...) [4].

The social effects of the bioeconomy are
also significant. The introduction of biomass
processing technologies, biofertilizers and bio-
fuels production can create up to 200 thousand
new jobs, especially in rural areas where un-
employment remains high. In addition, farmers
using biotechnology can reduce their costs on
fertilizers and energy by 20-30%, which will
lead to an increase in their income by 25-30%
(Ministry of Agriculture of Kazakhstan. National
Report...; USDA. Biofuel Production and Sus-
tainability) [8, 12]. This economic effect is con-
firmed by studies conducted in the EU and the
USA, where the bioeconomy has become an
important tool for sustainable development of
rural areas.

The environmental significance of the bio-
economy lies in its ability to prevent the degra-
dation of up to 1.5 million hectares of arable
land using organic fertilizers and precision
farming technologies.

The novelty of this study lies in the devel-
opment of quantitative models for assessing
the bioeconomic potential of Kazakhstan, con-
sidering the specifics of its natural and socio-
economic conditions. The identified patterns,
such as the relationship between biomass pro-
cessing and the growth of farmers' incomes, as
well as export potential, confirm the importance
of bioeconomy for the national economy.

The economic effect of the implementation
of bioeconomic projects is not limited to short-
term productivity growth. In the long term, this
will create a sustainable economic system ca-
pable of adapting to global challenges and us-
ing natural resources rationally, with minimal
damage to the environment.

Conclusion

Bioeconomics is a strategically important
direction for the development of the agro-in-
dustrial complex (AIC) of Kazakhstan, capable
of not only accelerating economic growth but
also ensuring a more rational use of natural re-
sources. The introduction of bioeconomic ap-
proaches opens opportunities for the country to
create high-tech production, increase the com-
petitiveness of products in international mar-
kets and solve environmental problems. Eco-
nomic impact of bioeconomy:

1. Increase in GDP. The development of
bioeconomy can increase the contribution of

the agro-industrial complex to Kazakhstan's
GDP by 15%, which is equivalent to 6.5—7.2 bil-
lion dollars annually. These figures are due to
increased productivity, processing of biomass
into bioenergy and biofertilizers, as well as in-
creased added value of products.

2. Increase in exports. Kazakhstan has
significant potential for exporting organic pro-
ducts, bioethanol, and biogas. Development of
bioeconomic production will increase export
income by 3 billion dollars annually, which
will strengthen the country’s position in world
markets and create additional incentives for
investment.

3. Implementation of job positions. Intro-
duction of biomass processing technologies
and development of bioeconomy-related pro-
duction will provide up to 200 thousand new
jobs in rural areas. This is especially important
for areas with high unemployment and low
incomes.

4. Reduction of farmers’ costs. The use of
biotechnology in agriculture helps reduce the
cost of fertilizers and energy. Farmers using bi-
ofertilizers and biogas plants can increase their
income by 25-30%.

5. Investment attractiveness. The devel-
opment of the bioeconomy creates new oppor-
tunities for attracting domestic and interna-
tional investment. According to the World
Bank, projects related to biomass processing
and bioenergy are highly profitable, which
makes Kazakhstan attractive to investors fo-
cused on sustainable development.
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